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(54) High-frequency communication device 

(57) A high frequency communication device which 
can reduce undesired electromagnetic coupling inside 
and outside a box thereof in which circuit parts consti- 
tuting a transmitter-receiver circuit are contained. 

Periodic structures (6) are provided on at least a 
part of a wall constituting a box (1 , 4, 5) so that the peri- 
odic structures (6) serve as a filter which has a non- 



propagating frequency band corresponding a frequency 
band covering an undesired electromagnetic emission 
inside the box. Thus, undesired electromagnetic emis- 
sion energy from any electromagnetic emission source 
can be confined locally to prevent a possible problem of 
electromagnetic interference. 
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FIELD OF THE INVENTION 
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quency band of microwaves or millimeter waves is mounted 
BACKGROUND OF THE INVENTION 
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so structured as to contain a single MiunJZZZ^^eZ^ T ° f 300 MHz ° r * ** thereof is 

ing a plurality of ICs, or a high frequency circuit elemem comn^in i "l** 9 ™** circuit ( |C > ■ a package compris- 
es for filtering and other functions miJtUa " y ^""^ ' CS ^u^dr- 
circuit functions. Purpose of realizing reduct.on in size and cost and incorporating multiple 

K*art«^ 

Band Mil.imeter Radar Unit". This'device is struc 3 to SntLn a minimi ^ C ^ 21 ' 60GHz 

circuit in a box thereof having plane internal surfaced Z annthT T V (6 ° GHZ band) Emitter-receiver 
part of the front page photograph of the Catalog ^-RF M^owave ZTJ ? ' *T* " RF SUbSySt6m f ° Und at the T 
ponents and Subassemblies" of M/A-COM Co U S A fesuad Z 1 ^ Smgle a " d Com- 

of high frequency (RF) function circuit elements' are conta^ert n 9 f h Th 't RFs " bsystemissodesi 9^dthat a plurality 
areas by internal metallic walls for f^J^^ZS^^ T^' WWCh '* Partiti ° ned int0 a p,uralft y °> 
[0004] Further, as another example the °e1s a ^222 ^ ' nterference a ™ng the function circuit elements. 
Conference TU1 A-3 'An Integrated mJeZ wJe tZZZ^tZSSt 5 ^ r^" 9 * * ^ APMC98 
rece,ver, a box thereof contains a plurality of transmMng-receMnTMM Sh , i 3 "" ° n 1 " 8) " th ' S transm ^r- 
cuits for connecting the MMICs, and the cover of the Z s aZLd m h ^ ^ passive cir ' 

[0005] Still further, as another example, there is a cZZSL 17 ^ ^ p Won. 

APMC98 Conference TU1A-1 "A Cost-Effect leRF mJITT.Z °" deV ' Ce rep0rted in the Proceedings of the 
tion device . so structured that a 2 the^contein ^SJS^ SySt6mS " 1 "*> " ™ S c ™ - 
curts for connecting the MMIC, and a planar antenna C ° mmuniCatlon MMIC - a '.rcurt substrate having passive cir- 

Kne,e^^^ 

box is constant. Alternatively, with an increased tte numb J IffT f , 6aS6d Und6r COndi,ion that the of the 
the box wKh respect to half of a ^T*' " * re ^ ired t0 in ^ a the size of 

In either case, electromagnetic energ 'of Z Suen^ml^ ^ (6 ' 9 - W™™*^^ mm at 77 GHz), 
inside of the box readily propaoates To v^Z^Z?^™ ?. point 0f an * functio " element or IC into the 
variety of malfunctions due to elearonJ^^^t^ ■ ^ thr ° UQh Sp3Ce therein - causin 9 ■ 

automobi.e radar transmitter-receiver moTle if a paTof a 1Z fern* ' tranSmitte " ec -er °r a mi..imeter-wave 
inside of a box thereof propagates to a receiv no function element , f T * transmittin 9 fu "otion e.ement into the 
saturation of a receiver circuL increased ^^^ZST^'Z f ° CCUrS SUCh atroub,e a * 

erably large with respect to half of a free-space ^veZ^s^fJ ^ the S ' Ze ° f 3 bo * is 

signa. components may be present in the LdTE^^J^S^ r^'^ of res onance frequencies 
[0007] Similarly to these phenomena, undesired ene™ 27*72* °! SU f a trouble as «ned above, 
emission out of the box which unintentional s^es asZnZtZlTnT * ' ** ~ d * CaUS6S UndeSired 
energy is ,i te .y to be received through the box, giving rise to a se iouTorobl. • e,eC,rama ^ 
-Magnetic Interference) and EMC (E ta ct^i ^ iS!^S^ P ^ , " reatJ ' rements —erning EMI (E.ec 

LmUr^ : s: XT 0 ;r^Lt~ed 9 r j - - - a a -~ 

small areas by metallic partitions or a metallic iSSS^Sw n h T^'"' 6 WhiCh iS divided int0 a P |urali «y of 
for protection against undesired emissio^ ^^TaZno^T 3 r T" WaV69Uid6S a,0n9 Signa ' paths 
complex metallic box structure or to divide a hlSK^^^^r? ntf technic > ues - » '5 required to form a 
due to formation of the complex metallic box the n' ^ 3 PlUrality ° f Sections - Further - 

m mounting arrangement of semiconductor .Cs and ZZo^T^T^- ^ 0CCUrS difficu ^ 

communication devices and reduction in manufacturing cost thereof 9 t0 ^P^uction of 
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SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention to provide a high frequency communication device which can 
reduce electromagnetic interference inside and outside a box thereof, i.e., undesired electromagnetic coupling among 

5 internal circuit elements in the box and undesired interference with the internal circuit elements by an external electro- 
magnetic wave, without giving hindrance to mass-production and reduction in manufacturing cost. 
[0010] In accomplishing this object of the present invention and according to one aspect thereof, there is provided 
a high frequency communication device having an antenna and a box containing at least a high frequency circuit ele- 
ment which operates with a high frequency signal in a microwave or millimeter wave frequency band, wherein at least 

10 a part of a wall constituting the box has at least one periodic structure which provide a periodic pattern of materials or 
mechanical configurations. The periodic structures in the box are formed to serve as a filter which has a non-propagat- 
ing frequency band corresponding to a frequency band covering an undesired electromagnetic emission inside the box. 
[0011] The high frequency communication device may be any of a receiver device, a transmitter device, and a 
transmitter-receiver device. The high frequency circuit element may be any of a passive element, an IC, an LSI, and a 

15 package containing them, including lines for connection thereof. The antenna may be disposed at any position in the 
inside or outside of the box or on a wall surface of the box. "At least a part of a wall constituting the box" in the above 
statement signifies at least a part of a side wall of the box, a part of the ceiling part thereof, or a part of a mounting sur- 
face of a function element such as a semiconductor IC. 

[0012] In the high frequency communication device according to the present invention, simple periodic structures 
20 are formed on a part of the box thereof to confine undesired electromagnetic emission energy locally in the inside of the 
box. This arrangement substantially reduces interference due to undesired electromagnetic emission energy to prevent 
a possible problem in requirements concerning EMI and EMC, and also attenuates undesired emission energy received 
from an external electromagnetic emission source to suppress interference. 

[0013] In a situation where a plurality of undesired electromagnetic emission frequencies may be present in the 
25 inside of the box, a plurality of interference problems can be solved by providing different kinds of periodic structures at 
respective parts in the box. Further, in a case where periodic structures are provided on the ceiling part of the box, for 
example, the ceiling part may be designed as a lid of the box. Thus, the other parts of the box may be arranged in a 
simple form (e.g., rectangular parallelepiped) which is considerably large with respect to half of a free-space wavelength 
of a signal frequency. This arrangement allows the use of a single large-sized high frequency circuit substrate for facil- 
30 itating the mounting of semiconductor ICs in the box, thereby making it possible to realize a module including the box 
at low cost. 

[0014] According to the present invention, it is therefore practicable to realize an advanced multi-function high fre- 
quency communication system at low cost without sacrificing overall characteristics thereof. Further, since a filter char- 
acteristic based on periodic structures may be provided in a design independent of secure metallic contacting in most 
35 cases, the present invention makes it possible to reduce variations in mass-production and deterioration with age con- 
cerning characteristics of box products for high frequency transceivers such as millimeter wave automobile radar 
devices. 

[0015] The above-mentioned and other features and objects of the present invention will become more apparent by 
reference to the following description taken in conjunction with the accompanying drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

45 FIG. 1 is a sectional view showing a first preferred embodiment of a high frequency communication device 

designed as a microwave or millimeter wave transmitter-receiver according to the present invention; 
FIG. 2 is a block diagram showing a configuration example of a transmitter-receiver circuit mounted in a box of the 
high frequency communication device indicated in FIG. 1; 

FIG. 3 is a plan view of a lid 5 as seen from the inside of the box indicated in FIG. 1 toward the ceiling part thereof; 
so FIG. 4 is an enlarged view of part A indicated in FIG. 1 for explanation of the principle of operation of the essential 
arrangement of the present invention; 

FIG. 5 is an enlarged view of part B indicated in FIG. 3 for explanation of the principle of operation of the essential 
arrangement of the present invention; 

FIG. 6 is a diagram showing a simplified equivalent circuit for explanation of qualitative effects of periodic structures 
55 indicated in FIGS. 4 and 5; 

FIG. 7 is a diagram showing measured values of isolation between a transmitting port and a receiving port for rep- 
resenting effects in a configuration example of the first preferred embodiment; 

FIG. 8 is a fragmentary plan view showing an arrangement of protrusions in a second preferred embodiment of the 
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high frequency communication device according to the present invention- 

in a ,ifth preferred embodi - 

^'S^^SSi 3 S6Venth Preferred - - ^uency com- 

DETAILED DESCR.PT.ON OF THE PREFERRED EMBODIMENTS 

22* Pr6Sent inVenti °" Wi " be d6SCribed in — * -X of example with reference to the accompanying 
munlon^^ 

Semiconductor ,Cs 2 s'uch as a tra^^^ aCCOrdif1 9 to - present invention, 

thereof are mounted on the surface of a mete Z b^e JE1 ? T SUbStr3teS ^ 3nd 32 for connection 
ter-receiver circuit. For input/output sigr^nT hj tenser 1 ^ ° f 3 b ° X t0 Constitute a 

through a coaxial line 7. A metallic lid XZ^S^^^, ? °° nnacted With a " antenna <"« sh °™> 
the ceiling part of the box. The side wa Is o the boTZ I Z h r P " te 1 by Side Wa " s 4 " 1 and 4 " 1 ■ constitutes 
as glass or alumina. On the ceiling paTusId as theTd 5 2,2 Z T ^ ° f 3 n ° nmetal,ic material ™* 

gular-parallelepiped metal.ic protons e fn a ^periotJc fashion 6 * ** ^ m diSP ° Sed rectan " 

means of plating or evaporation. The protrusion ;6 Z Se imfo^f TTS "* h 3 meta ' thin film * 

ing or metal pressing. Alternatively, the n^^S^f^J^ T *" " 5 by me3nS ° f machinina ' mold 
of the lid with a conductive adhesive. I TanS man the ^ f 3nd attached to the ba ck 

formed by pressing a metal.ic sheet and SnZSS^S^SS ' " 9 meta " iC Pr ° tmsi ° ns 5 be 

for ensuring satisfactory mechanical strength Furtht as J S^I "f 9 me,a " iC ° r n ° nmeta,lic sheet 

as plastic may be used to form an integral *S£ of the meta.S n / P,at8 1> 3 nonmetallic ™**tal such 

surface of the ceiling part inside the box induS h. rlllr ? p otrusions 6 the lid 5. In this case, at least a 
of plating orthe .ike ' C ' Udm9 the met3 " IC P^^ons 6- * covered with a metal thin film by means 

ELu^ e r;S^ -evenness, in conjunction w*b the 

odical.y varying wave impedance to a ^Z^lZZ Ze 7Z£ ' ' Characteristic ° f 

space of the box. As a function of frequency this fi t" oSLTS T propaaat,on there °' through the inside 
and a non-propagating frequency band 21*^^; chara f ^ having a propagating frequency band 
that an operating frequency of the" transmiie"^ ^ «*- - «'ter structure so 

undes,red electromagnetic emission from a transmitting side he ten non ;P ro P a 9ating frequency band, 

prevented from reaching a receiving side thereof, £ 

thesis through a .oca. amplifier 3u is mtad I th Leered sZ.tn.t ^ •°* m * 29 f ° r 

minal 23. An information signal to be transmLed is an oMed S T lntermediate ,re ° u *"cy signal via a ter- 
information signal is modulated with a SS^^K ™ VT*" ™ ^ *° 3 m ° dulator 27 • in whicn the 
a local amplifier 31 . The signal thus i2ST232 Sf hi9h freQUenCy Signal source 29 

mission signal via a transmuting antenna ? V^^^Ll^^^ 28 * ^ 3 high 
quency transmitter-receiver circuit. Reference numeral ^ SST!r" S3m6 35 th3t ° f 3 conv ^tiona. high fre- 
indicate electromagnetic interference whteh wou.d SSi e^25S ' r ^ ^ ^ ^ h RG ' 2 
« to say, a signal supplied, from the high frequency stanaUo^rce S d^Tf ' nVent '° n ' S " 0t im P lement ed. That 
s.gnal and a high frequency transmissL signal FuSefS^S? T? "* 3 ^ freQUency rece P ,ion 
tionsigna,andthehighfrequencytransmissLsigna,,re— ^^^^ 
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blocking the high frequency transmission signal are formed in the inside of the box 32 to reduce electromagnetic inter- 
ference. 

[0023] Referring to FIG. 3, there is shown a plan view of the lid 5 as seem from the inside of the box indicated in 
FIG. 1 toward the ceiling part thereof. The metallic protrusions 6 are arranged two-dimensionally in a constantly periodic 

5 fashion on the entire surface of the ceiling part. 

[0024] FIGS. 4 and 5 show enlarged views of parts A and B indicated in FIGS. 1 and 3, respectively, for explanation 
of the principle of operation of the essential arrangement of the present invention. For the sake of simplicity, only The 
ceiling parts, the metallic protrusions and the base plate 1, excluding the planar circuit substrate 3-2, are shown in FIG. 
4. Each of the metallic protrusions 6 indicated in FIGS. 4 and 5 is a rectangular parallelepiped having widths W1 and 

w W2 and a height D. As shown in FIG. 5, the metallic protrusions 6 are disposed two-dimensionally at a horizontal period 
P1 and a vertical period P2 with a horizontal gap G1 and a vertical gap G2. In FIG. 4, a space H between the metallic 
lid 5 and the base plate 1 is provided so that an electromagnetic higher mode will not occur in the H direction. For main- 
taining a high characteristic of the filter structure, it is preferable to satisfy the condition "H < X/ 2", where X is a free- 
space wavelength with respect to a design frequency. 

75 [0025] Referring to FIG. 6, there is shown a simplified equivalent circuit for explanation of qualitative effects of the 
periodic structures indicated in FIGS. 4 and 5. 

[0026] Under condition that each of the horizontal gap G1 and the width W1 of each metallic protrusion 6 is X/ 4 
without regard of an electromagnetic field distribution in the direction of the height D of each metallic protrusion 6 indi- 
cated in FIG. 4, the periodic structures act as a X I 4 impedance transformer in a continuous form comprising a region 
20 2 H of high wave impedance 1 7 with respect to a electromagnetic wave of a dominant propagating mode and a region 
Z L of low wave impedance 18 with respect thereto. At a center frequency (= c / X , where "c" is the velocity of light) , 
impedance in the direction from port 1 to port 2 is almost open or short-circuited regardless of a value of load imped- 
ance connected to the port 2, thereby preventing a high frequency component incident on the port 1 from propagating 
to the port 2. 

25 [0027] In actual design practice, it is required to take account of effects to be given by an electromagnetic field dis- 
tribution in the height-D direction and a higher propagating mode. It is also required to consider a practical wavelength 
expansion or compression rate based on a free-space wavelength X. corresponding to a modified configuration of each 
metallic protrusion 6 indicated in FIG. 4. Each of the horizontal period P1 and the vertical period P2 should be in a range 
of "(2N + 1) X/5 s PERIOD (P1, P2) 5 (2N + 1) SX I 9 " (where N is 0 or an integer) under condition "D < H M . Thus, a 

30 preset frequency can be provided in a non-propagating frequency band of the filter. Some of the metallic protrusions 6 
indicated in FIG. 5 may be arranged in a group (e.g., three protrusions in the horizontal direction and two protrusions in 
the vertical direction) so that each group is provided periodically. In this arrangement, a non-propagating frequency 
band can be widened by designing grouped protrusions in different sizes. 

[0028] Referring to FIG. 7, there is shown a diagram indicating measured values of isolation between transmitting 
35 and receiving ports for representing effects in the configuration example of the first preferred embodiment. In FIG. 7, a 
measured value line 8 indicates isolation between the transmitting and receiving ports of a box structure designed for 
a 77GHz band transmitter-receiver according to the preferred embodiment mentioned above, a measured value line 9 
indicates isolation in a box having aflat lid ceiling on which no periodic protrusions are formed, and a measured value 
line 10 indicates isolation in a box with a lid thereof removed. In the preferred embodiment of the present invention, the 
40 following structure design values are used: H = 1 .9 mm, D = 0.8 mm, G1 = G2 = W1 = W2 = 0.5 mm . The isolation indi- 
cated by the measured value line 8 in the box structure according to the preferred embodiment of the present invention 
is at least 30 dB higher in a 76GHz band than either of the measured value line 9 in the box having the flat lid ceiling 
and the measured value line 10 in the box with the lid thereof removed. 

[0029] Referring to FIG. 8, there is shown a fragmentary plan view indicating an arrangement of protrusions in a 
45 second preferred embodiment of the high frequency communication device according to the present invention. In the 
second preferred embodiment, the metallic protrusions 6 are arranged in a checked pattern. The widths W1 and W1 , 
height D, horizontal gap G1 , vertical gap G2, horizontal period PI, and vertical period P2 of the metallic protrusions 6 
are set as shown in FIG. 8. Thus, the same effects in the first preferred embodiment can also be attained in the second 
preferred embodiment. 

so [0030] Referring to FIG. 9, there is shown a fragmentary sectional view indicating an arrangement of protrusions in 
a third preferred embodiment of the high frequency communication device according to the present invention. Although 
this sectional view is similar to that in FIG. 4. dielectric material protrusions 1 1 having high permittivity and dielectric 
material protrusions 12 having low permittivity are arranged alternately in a periodic fashion on the surface of the metal- 
x lie lid 5 for periodic structures. Thus, periodic wave impedance is provided in the third preferred embodiment. 

55 [0031] Referring to FIG. 10, there is shown a fragmentary sectional view indicating an arrangement of protrusions 
in a fourth preferred embodiment of the high frequency communication device according to the present invention. 
Although this sectional view is similar to that in FIG. 4, dielectric material protrusions 13 having high permittivity and 
magnetic material protrusions 14 having high magnetic permeability are arranged alternately in a* periodic fashion on 
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fna 1 ^ZtZ^T^e ^f^SXST T indi ° atin9 M M9 " n " rt °< P ^ S 
Although this sectional view is similar to that in FIG ^ T d6V ' Ce aCCOrdin 9 t0 the P re «ent invention, 

lectric substrate 15 by means of etchin ]or tie like and L° ^ 16 * l0mM ° n the Surface ° f a die " 

metallic lid 5 for periodic structures. ' * " ^ * the SUrfaCe ° f the 

gap such as a layer of air. The metallic period pattern fi 1% , * * M 5> there ma V be P rovided ■ 

providing periodic wave impedance and to 1"'^ 1 ^ IT 3 Wtety ° f confi 9 urati °ns for 

[0033] Referring to FIG. 12 there is shown a JLTJ?^ characteret.es ,n a design frequency band, 
embodiment of the high frequency ^J^^n'Z^JTT" 9 ' °" 3 meta " iC h 3 SiXth P referred 

embodiment, where there are three kTnds of nl °" ff ?■ n9 t0 th6 PrSSent invention - ln the si ** preferred 

the box, meta.lic protrusions 6- 6 2 a q ^ 3^^? * I"" h the ' nside of 

disposed respectively in three areas on the surf^of the lid Thu' ™ ** different deSig " ^-"cies are 
tions can be reduced effectively. More specific 2 £ e-L JlX *™™ ^ Wnds of P rinci P al 

inJ^rsi^^Sirs' r ; nd r ting a confi9urati °- * a — - p-*- 

preferred embodiment shown in RG^e^ZTZl^T* ** PreS6nt inVemi ° n - AS COmpared with the ** 
the inside of a metallic box, i.e., on a 1 * that 30 antenna 1 9 iS formed in 

is provided at a part of a wall constitute XtZZ ^ fnl ^ ° f the antenna 1 9 - a window 20 

is equipped in the box. it is possibS to XlT^bl^VT* TTT emb ° diment - since the ^enna 1 9 

the antenna, an electromagnetic field around tolZZ^-T- amon 9 an electromagnetic field around 

52° U9 IS t dow 20 in reali2in9 ~SS~SS^ an e,ect — c fie,d — - 

and modifications may be made nThe presem invention Z , *? eta " S * d6SCripti ° n and that various <*"fl" 
instance, the antenna Ly be formed Ton S^S5SJ^2S^ ^ SPirit 8nd SCOpe thereof - *> r 
having a rectangular cross-section confUration ha^ iTu^t?** ' FUrther ' alth ° U9h the protrusion 6 
may be modified as required in considerS o1 such faSL« « k r^'" 9 ' confi 9 uration ° f «ch protrusion 
each protrusion may be a rectangula paS leteo Led JE% h ^T" chara «cs. For example, 

further, the cross-section configu^f fhe ce Lg p^in FIG 3^° " * form - » 

face, for example. Furthermore each face of the eLnou ar n? ra n 7^ V COrru 9 ated f °™ ^ving a cosine-line sur- 
grooves. Still further, afthough the high frequent SKES!'^ T™™ ^ ^ 3 COm P ,ex sha P e with 
cuit in FIG. 2. there may be provided ^sucra motf^H »^ C ? pnSeS ,he Emitter circuit and the receiver dr- 

one of the transmitter and receiver circute ^"gement that the frequency circuit element comprises either 



Claims 



1 ' ^IZr: nfcafa ^ C ° mPriSin9 3 ^ *' 4 ' 5; 32) — *- a ^-frequency circuit element 
panern^^ 

2. The device of claim 1 . wherein said a periodic structure (6) is formed on an inside wal. of said box (1 , 4, 5). 

3. The device of claim 2. wherein the period P of said periodic structure (6) is in the range of 

(2N+1)X/55P<(2N + 1)5l/9, 
where N is 0 or an integer, and X is the free-space wave.ength with respect to a design frequency. 

4. The device of claim 2, wherein 

a plurality of groups of said periodic structures (6-1 fi.p r <n ^ 
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(2N + 1 ) X I 5 < P < (2N + 1 ) 5 A. / 9, 

where N is 0 or an integer, and A. is the free-space wavelength with respect to the design frequency on each 
said area. 

5 

5. The device of any one of claims 1 to 3, wherein said antenna is formed outside said box (1 , 4, 5; 32), and said high- 
frequency circuit element (25 ~ 29) is provided with input and output terminals (21 , 22) for connection with said 
antenna. 

w 6. The device of any one of claims 1 to 3, wherein said antenna (1 9) is formed inside said box (1 , 4, 5), and a window 
for passage of radio waves is provided on a wall of said box in the vicinity of said antenna. 

7. The device of claim 4, wherein said antenna is formed outside said box (1 , 4, 5; 32), and said high-frequency circuit 
element (25 ~ 9) on each said area is provided with input and output terminals (21, 22) for connection with said 

is antenna. 

8. The device of claim 4, wherein said antenna (19) is formed inside said box (1 , 4, 5) and a window for passage of 
radio waves is provided on a wall of said box in the vicinity of said antenna. 
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FIG.3 





SDOCID: <EP 1049192A2J_> 



9 



EP1 049 192 A2 




FIG.5 
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